Abstract: Carbon monoxide (CO) plays an important role in controlling the 8 oxidizing capacity of the atmosphere by reacting with OH radicals that affect 9 atmospheric methane (CH4) dynamics. We develop a process-based biogeochemistry 10 model to quantify CO exchange between soils and the atmosphere with a 5-minute 11 internal time step at the global scale. The model is parameterized using CO flux data 12 from the field and laboratory experiments for eleven representative ecosystem types.
not changing over time, global mean CO net deposition velocity is estimated to be 0.16- 
53
(negative values represent the uptake from the atmosphere to soil), by using a single- To date, most top-down atmospheric models applied a dry deposition scheme 70 based on the resistance model of Wesely (1989) . Such schemes provided a wide range 71 of dry deposition velocities (Stevenson et al., 2006) . Only a few models (MOZART-4, (Zhuang et al., 2003 (Zhuang et al., , 2004 (Zhuang et al., , 2007 determined by the mass balance approach (net flux = total production -total oxidation -136 total soil CO concentration change). According to previous studies, we separated active 137 soils (top 30cm) for CO consumption and production into 1 cm thick layers (King, 1999a, 138 1999b; Whalen & Reeburgh, 2001; Chan & Steudler, 2006) . Between the soil layers, the 139 changes of CO concentrations were calculated as: (PDE) is solved using the Crank-Nicolson method for less time-step-sensitive solution.
151
CO consumption was modeled in unsaturated soil pores as: 
Data Organization

250
To get spatially and temporally explicit estimates of CO consumption, production 251 and net flux at the global scale, we used the data of land cover, soils, climate and leaf Specifically, in experiment E2 we used the CRU climate forcing for the historical period Figure 3c2 ). Table 3 ). The Southern and
322
Northern Hemispheres have 41% and 59% of the total consumption, and 47% and 53%
323
of the total production, respectively (Table 3 ). The highest rates of consumption and sinks, consuming a total of 37 Tg CO yr -1 (Table 4) . These three ecosystems account 331 for 66% of the total consumption. Tropical evergreen forests are also the largest source 332 of soil CO production, producing 16 Tg CO yr -1 , while tropical savanna has a 333 considerable production of 6 Tg CO yr -1 (Table 4) . Moreover, tropical areas, including 334 forested wetlands, forested floodplain and evergreen forests, are most efficient for CO 335 consumption, ranging from -18 to -13 mg CO m -2 day -1. They are also the most efficient 336 for CO production at over 2 mg CO m -2 day -1 (Table 4, MOPITT satellite CO surface concentration data. Previous studies also provided a large 376 range for CO production from 0 to 7.6 mg m -2 day -1 (reviewed in Pihlatie et al., 2016).
377
Our results showed averaged CO production ranging from 0.01 to 2.29 mg m -2 day -1 .
378
Previously reported CO deposition velocities for different vegetation types range from production so that the former will determine the dynamics of the net flux (Table 5) .
399
Model being sensitive to air temperature explains the small increasing trends after the 400 1960s, the significant increasing trend in the 21 st century and the large sinks over 401 tropical areas ( Table 6 ).
411
Increasing temperature will increase microbial activities, while more SOC will increase 412 soil CO substrate level. Annual CO consumption and net flux have low correlations with 413 annual precipitation and soil moisture, especially at 45°N-45°S (R<0.54 Table 6 ).
414
Annual CO production is strongly correlated with annual mean SOC, air temperature 
Model Uncertainties and Limitations
432
There are a number of limitations, contributing to our simulation uncertainties. (Table 7) . However, we believe 5-minute step is suitable in this study since SOC varies (Table 7) . Fifth, our model structure still has a large potential to improve. In this study 462 we divided the top 30cm soil into 30 layers (layer thickness dz=1cm), but finer division This study is supported through projects funded to Q.Z. is the specific maximum CO oxidation rate; is the reference temperature to account for soil temperature effects on CO consumption; 10 is the an ecosystem-specific Q10 coefficient to account for soil temperature effects on CO consumption; , , are the minimum, optimum, and maximum volumetric soil moistures of oxidation reaction to account for soil moisture effects on CO consumption; is an estimated nominal CO production factor, similar as is a constant fraction of top 20cm SOC compared to total amount of SOC to account for SOC effects on CO production; / is the is the ecosystem-specific activation energy divided by gas constant to account for the reaction rate of production; is the reference moisture to account for soil temperature effects on CO production; is the reference temperature to account for soil temperature effects on CO production ). Above the surface (depth>=0cm), black diamonds 046 represent atmospheric CO concentration. a), b), c), d) and e) are the results from the same day when soil is a 047 net sink of CO but with different layer thickness (dz=10cm, 2cm, 1cm, 0.1cm and 0.01cm respectively); f) is the 048 result from the day when soil is a net source of CO, with dz=1cm. 049
